progeny of successfully mated cells are grown logarithmically and tested frequently for the ability to mate, they are unable to form mating pairs for about 65 generations. This period is known as immaturity. During the next stage, the progeny pair with mature cells but not with other adolescent cells despite the presence of complementary mating types. Adolescence persists for 20-25 generations before the cells attain maturity, which is defined as the ability to mate with any cell of different mating type. Once paired with mature cells, adolescents successfully complete conjugation. Cytological preparations show that both members of the pair undergo meiosis and form macronuclear anlagen. The proteins synthesized during a mating between adolescents and mature cells are similar to those synthesized during a mating between mature cells as determined by two-dimensional gel analysis. Both the adolescent cell and the mature partner contribute genetic markers to the progeny.
The ciliate Tetrahymena thermophila contains a diploid micronucleus and a highly polyploid macronucleus. The macronucleus is responsible for most, if not all, transcriptional activity in the vegetative cell. T. thermophila can undergo sexual reproduction after pairing between two cells of different mating types. During conjugation, the micronucleus undergoes meiosis and the cells exchange haploid pronuclei that fuse. The mitotic products of the zygotic nucleus develop into new micronuclei and macronuclei, while the old macronucleus degenerates.
Immediately after successful conjugation, there is a period during which the progeny are unable to form mating pairs. In T. thermophila, this period of immaturity lasts between 40 and 100 generations (1) . The absolute length of this period is both genetically (2) and environmentally (3, 4) controlled. Mating type determination in T. thermophila occurs in the macronucleus. B-strain cells, which are homozygous at the Mat2 locus, carry information for six different mating types in the micronucleus but only one is expressed in the macronucleus. A mature cell can mate with any cell that has a mating type different from its own. The progeny of conjugation between cells of any two complementary mating types may express any of the six possible mating types. Pedigree analysis indicates that mating type is determined in the four cells that result from the first division of the exconjugants. Selection of mating type among these four cells (caryonides) is independent of parent and sister caryonide mating type (5) .
In this report we show that, following immaturity, exconjugant T. thermophila pass through a stage during which they may conjugate with mature cells but not with cells of a similar age. We call this stage "adolescence" by analogy to a previously described stage of restricted mating potential during the development of sexual maturity in Paramecium bursaria (6 (9) . The fission time under these conditions is 2.5-3 hr.
Matings. Cells of different mating types were prepared for mating by a 24-hr starvation in 10 mM Tris HCl (pH 7.4) as described by Bruns and Brussard (10) . With the exception of strain F1-2, which was fed at 6 hr, all conjugating cultures were fed 24 hr after initiation of conjugation to maximize the number of diverse mating types (11 
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Lack of pair formation within the maturing population of cells could not be attributed to the presence of only a single mating type in the population. At least two different mating types were present because the cells formed pairs with mature cells of all six possible mating types (Table 2) . Therefore, pairing within the population of maturing cells would be expected to occur at least to the level of the lowest pairing with mature cells of pure mating type.
Cells of Eftry Mating Type Undergo Adolescence. The preceding results show that at least two mating types display adolescent behavior. To determine whether cells of every mating type pass through adolescence, we established clonal cell lines from a newly mated strain (F2-1). Because the cells were isolated after the caryonidal stage, most lines were expected to be pure for one mating type. Each culture was tested with the six mating-type testers and with each other for the ability to pair. The mating type of each adolescent cell line could be assigned by comparison to the established mating testers (Table 3) . While cell lines were adolescent, they were unable to pair with other adolescent cell lines despite their having different mating types. When these same cell lines became mature, they retained the mating type expressed during adolescence and were able to pair with sibling cell lines of a different mating type.
Adolescent Cells Successfully Complete Conjugation. The previous experiments demonstrate that adolescent cells pair with mature cells, but they do not show that adolescents successfully complete conjugation. Conjugation events after pairing may be followed cytologically (13) , biochemically (14, 15) , and genetically.
The cytology of pairs formed in a mating culture containing adolescents and mature cells was observed in fixed preparations stained with Giemsa (16) . Pairs formed between adolescents and mature cells were cytologically normal during meiotic prophase, meiosis, and macronuclear development (data not shown).
The production of genetically recombinant progeny constitutes proof of successful completion of conjugation. To test this, an adolescent cell line was constructed that was heterozygous for the dominant mutation ChxA2, which confers cycloheximide resistance. This strain, F1-3, was mated with a cycloheximide-sensitive strain (CU401). Successful exconjugants (F2-1) were selected for resistance to 6-methylpurine ( Fig. 1) and examined for cycloheximide resistance. As a control, a mature strain that was homozygous for cyclo- A mutant (Prc) has been isolated in which the period of immaturity is brief (less than 20 fissions). Following immaturity, Prc behaves as an adolescent in that it will pair with mature cells but not with descendents of its sister caryonides (M. Katz, M. Baum, and E. Orias, personal communication). Prc demonstrates that the onset of observable adolescence may be genetically advanced.
Sonneborn (18) classified T. thermophila as an outbreeding species on the basis of its long immaturity period and the usual absence of selfing or autogamy. Immaturity in swimming cells prevents inbreeding by geographical separation of siblings. An adolescent period further commits T. thermophila to an outbreeding strategy by permitting conjugation only with mature cells that are likely to have arisen from a separate past mating. After adolescence, by which time the cells are even more unlikely to encounter a sibling, cells enter a long maturity period during which they may conjugate with any other competent cell. This strategy maximizes the probability of producing a new gene pool through outbreeding while permitting reassortment of an isolated gene pool through inbreeding. 
